A solid-state photocapacitor is prepared, utilizing iron pyrite (FeS 2 ) as both the photoactive material and blocking electrode, which exhibits a high performance near-infrared (NIR) photodetectivity of 1.6 Â 10 11 Jones, an energy density of 1.13 Â 10 4 J g À1 and a specific capacitance of 37.5 mA h g À1 directly charged by sunlight.
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With the emergence of and rapid demand for solar energy utilization, it has become necessary to develop a more suitable method for simultaneous sunlight conversion and storage. Both photovoltaics (PVs) and batteries/supercapacitors, developed as independent technologies, have been separately proposed to help meet this demand. However, integrating energy conversion and storage is a challenging task. Recently, a type of capacitor that can be charged by solar radiation has been shown, which was deemed a ''photocapacitor''. 1 Photocapacitors (PCs), as the name suggests, are capacitors that are charged utilizing solar light, which allows for direct storage of solar energy. Most photocapacitors utilize a hybrid setup which consists of a dye-sensitized cell using standard TiO 2 decorated with a dye and an electrolyte, providing electrons to charge a separate carbon electrode-electrolyte capacitor system. 2 Therefore, it would be advantageous to simplify this setup, by having one material-electrolyte system that simultaneously acts as the active material and blocking electrode. In this study, we present a solution processed photocapacitor that makes use of earth abundant iron pyrite (FeS 2 ) nanocrystals to achieve this goal. Earth abundant FeS 2 nanomaterials have been widely proposed in renewable energy applications, such as PVs, 3, 4 energy storage batteries 5 and photocatalysts. 6 More recently, FeS 2 has been integrated into photodetectors that can function in the nearinfrared (NIR) range. 7 Interest has been peaked due to pyrite's strong absorption (a > 10 5 cm À1 in visible), reasonable band gap (E g B 0.95 eV), low toxicity and being outstandingly earth abundant. 3, 8 However, despite all of these exceptional qualities, the development of pyrite-based energy applications has been limited, such as PV devices. The champion pyrite PV cell is a photoelectrochemical device reported in 1991 and no further improvements have been made since. 9 It is believed that pyrite is being suppressed by defect states (sulfur vacancies) and metallic and semi-metallic polymorphs of other iron sulfides existing in the material where phase purity is needed. 10 In this report, we demonstrate a pyrite photocapacitor that is capable of cyclic charge-discharge with an energy density of 1.13 Â 10 4 J g
À1
. The device utilizes ionic liquids to passivate surface states on the pyrite nanocrystals to enhance carrier lifetime, which is characterized using ultrafast pump-probe measurements. This observation takes a step forward in helping to solve the pyrite's surface defect problem. The ionic liquid also plays the role of the electrolyte in this electric double layer capacitor. Charging of the FeS 2 photocapacitor is seen to occur due to the photocurrent generation of the active pyrite material under broad spectral sunlight absorption. This is the first report of a truly hybridized photocapacitor, where the active material of pyrite works as both the photocharging material and the blocking electrode.
The mineral iron pyrite is an iron disulfide with the formula FeS 2 (Fig. S1 , ESI †). We have shown that the Fe-terminated [100] surface facet dominant colloidal growth results in cubic structures. 6 The X-ray diffraction (XRD, Fig. S2 , ESI †) pattern of the FeS 2 nanocrystals is consistent with the pyrite structure (JCPDS Card No 1-079-0617), without detectable marcasite, greigite, pyrrhotite, or other impurities. Fig. 1a shows the absorption spectra of FeS 2 nanocrystals (nanospheres: NS, nanocubes: cube, and their mixture), which demonstrate promising light harvesting capabilities across the visible to NIR spectrum.
Much attention has been devoted to the development of new ligand strategies that minimize the interparticle spacing and enhance electronic coupling to promote carrier transport. These new strategies could also help avoid surface defect recombination loss. The quantum dot PVs have been realized using a variety of short mono-and bidentate organic ligands. Ethanedithiol (EDT), aromatic thiols, 19 alkylamines, 20 mercaptocarboxylic acids (MPA) 21 Fig. S3 , ESI †). The scanning TEM-energy dispersive X-ray spectrometry (STEM-EDS) images show the elemental mapping of the iodide passivated FeS 2 nanocrystals. Fig. 1c shows a schematic of ionic liquid treated FeS 2 hybrid photocapacitor devices produced in this study, along with the cross-sectional SEM image of the device for comparison. It can be seen that the FeS 2 NS form a matrix around the FeS 2 cubes, which produce a close-packed structure and the resulting nano-porosity is further backfilled by the spun-cast halide based IL to allow for efficient charge transfer and transport. The atomic force microscope (AFM) cross-sectional image of the FeS 2 photocapactior device further confirms the welldistributed FeS 2 nanocrystals stacked between two electrodes to form the active layer (Fig. S1b, ESI †) . It is known that FeS 2 materials have relatively scattered electrical properties due to the formation of surface defects related to sulfur vacancies 10 and oxygen absorbance. 22 These problems could be exacerbated in the nanocrystal devices due to the high concentration of interfaces. The performance improvement shown here with the addition of the halide for atomic ligand passivation motivated us to investigate and understand charge carrier dynamics, lifetime and related carrier density by the surface passivation effect. An optical ultrafast pump-probe technique is used to measure the carrier lifetime (the schematic ultrafast laser set-up is shown in Fig. S4 , ESI †). Fig. 2a and b 14 where the Br-capped PbS devices showed one order of magnitude faster mobility than that of MPA-and EDT-treated films. We expect that the ionic passivation of FeS 2 nanocrystals could facilitate their photoresponse behavior, under the 1100 nm NIR illumination shown in Fig. S7a (ESI †) . It should be noted that the NIR light source used here can be used to photoexcite FeS 2 only. ). 24 With the aim of testing FeS 2 photocharging ability, we evaluate the electrochemical capacitance measurements of FeS 2 photocapacitors under 1100 nm NIR light, and the cyclic voltammogram of FeS 2 photocapacitors is shown in Fig. 3a . The specific capacities (C s ) of 37.5 mA h g À1 under room ambient light (as ''dark'') and 46.0 mA h g À1 under the 1100 nm NIR illumination (as ''light'') are shown in Fig. 3a . The specific capacity increases by 23% under the NIR light illumination, which confirms the photocharging from NIR photoresponsive FeS 2 nanocrystals. The FeS 2 photocapacitors are also tested at different scan rates (Fig. S7b, ESI †) . We interpret the operating principle of FeS 2 photocapacitors as following (Fig. 3b) In summary, we have demonstrated the photocapacitors that utilize the FeS 2 nanocrystals as both the photocharging source and the blocking electrode. It is also shown that ionic liquids can serve well in photocapacitors for the formation of the electric double layer, and more importantly, can be used to passivate the surface states of FeS 2 nanomaterials to enhance charge transport, which can allow for better devices to be made from the promising earth abundant material. We also find that the size of ions plays an integral role in the energy density of the photocapacitor devices. The FeS 2 photocapacitor devices exhibit an energy density and a specific capacity of 1.13 Â 10 4 J g À1 and 37.5 mA h g À1 respectively, which
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